THERMOFORMING MOLD, THERMOFORMED ARTICLE AND PROCESS FOR 
PRODUCING SAME, AND LAMINATED MOLDING ARTICLE AND PROCESS 
FOR PRODUCING SAME 

5 Field of tlie Invention 

Tlie present invention relates to a tlieimof oxming molcl , 
a tiiermoformed article and a process for producing same, and 
a laminated molding article and a process for producing same . 

10 Background of the Invention 

As a process for decorating a resin molded article, 
there is 3cnoxm a process comprising tne steps of; 

(1) obtaining a decorated sheet or film made of 
polymethyl mettiacrylate resin; 
15 (2) thermof orufiing the sheet with a thermof orming mold 

to obtain a thermof ormed article; 

(3) setting the thermof ormed article on a cavity side 
of a mold; and 

(4) injecting a molten resin for a substrate into the 
20 mold to obtain a laminated molding article, which contains 

the injected resin as a substrate and the thermof ormed article 
bonded with the subetrate. 

In the present invention, the term, "sheet or film", 
is hereinafter referred to as sheet for brevity. In the 
25 above process, a decorated thermof ormed article in a sheet 
form is laminated by bonding on a surface of the resin molded 
article as a substrate* Here, the phrase, * decorated 
thermof ormed article in a sheet form", means (i) a 
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thermof o3:inea axtiole in a slieat form whicii Is superior xu 
Its surface glossiness, and (ii) a theirraof ormad article in 
a slieet form wliicli is colored or printed. 

Xn a k;novm process sucli as the above-mentioned Imown 
5 process, a thennof ormed article made of polymethyl 
metiiacrylate resin Jaas been extensively used in order to 
satisfy botli surface glossiness and scr^ttcti resistance of 
a laminated molding article obtained. From a viewpoint of 
cost and environmental protection, namely reduction of waste 
10 materials, it is desired to replace tlie tbermof ormed article 
made of polymetbyl methacrylate resin by a thermof ormed 
article m^de of a orystalline olefin resin* wbicli olefin resin 
is low in cost and superior in recyclablity . 

However, wben the above-mentioned process is carried 
15 out using a crystalline olefin resin in place of polymethyl 
metbacrylate , a thermof ormed article obtained in step (2) 
has an insufficient surface glossiness « which is caused by 
whitening and coarse surface thereof , As a result, a laminated 
molding article obtained using said thermof ormed article also 
20 results in an unsatisfactory quality (refer to 3P-B 60-13815 
and JP-B 60-30537), 

Summary of the Invention 

It is an object of the present invention to provide a 
25 thermof orming mold* which is capable of giving a thermof ormed 
article having a superior surface appearance and 
recyclability. Here, the phrase^ * thermof ormed article 
naving a superior surface appearance", means (1) a 
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tliermof oxmed article having a super-xor surface glossiness, 
and (ii) a tliftrmof ormed. articlet exhibiting a color or print 
having deep appearance, when said thermof ormod article is 
colored or printed. 
5 It is another object of the present invention to provide 

such a thermof orraed article and a process for producing said 
thexraof ormed article* 

It is a further object of the present dLnventlon to 
provide a laminated molding article comprising such a 
10 thermof ormed article as an outermost layer, and a process 
for producing said laminated molding article. 

The present inventors have undertaken extensive 
studies to accomplish the above-mentioned objects* As a 
result, it has toeen found that a thermof orming mold having 
15 a surface roughness (Ra) of not more than 0.1 Am can give a 
thermof o3nned article having a superior surface appearance, 
and thereby the present invention lias been obtained. 

The present invention provides a thermof orming mold 
having a surface roughness (Ra) of not more than O-lAira- 
20 Further, the present invention provides a thereof ormed 

article comprising a carystalline olefin resin, which article 
has a surface roughness (Ra) of not more than 3 Urn, 

Still further, the present invention provides a process 
for producing a thermof ormed article, which comprises the 
25 steps of: 

(i) heating and softening a crystalline olefin resin 
to obtain a slieet thereof? and 

(ii) thermof orming the sheet with a thermof orming mold 
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having a surface rougliness (Ra) of not more tnan 0.1 Mm to 
obtain a thermof ormed article having a surface roughness (Ra) 

of not more than 3 Mm. 

Additionally, the present invention provides a 
5 laminated molding article, which compriees: 

(i) a thermof oxmed article containing a cirystallin© 
olefin resin, and having a surface roughness (Ra) o£ not more 

than 3 Mm; and 

(ii) a substrate containing a crystalline olefin resin, 
10 Still additionally^ the present invention provides a 

process for producing a laminated molding article, wliich 
comprises the stepfi of? 

(i) heating and softening a c^cystalline olefin resin 
to obtain a sheet thereof; 
15 (ii) theirtaof o3cming the sheet with a thermof orming mold 

having a surface roughness (Ra) of not more than 0,1 Mm t6 
obtain a thermof ormed article haviiig a surface roughness (Ra) 

of not more ttian 3 Mm; 

(iii) setting the thermof ormed article on a cavity side 

20 of a mold; and 

(Iv) injecting a molten crystalline olefin resin into 
the mold to obtain a laminated molding article , which contains 
the injected resin as a substrate and the thermof ormed article 
bonded with the substrate. 

25 

Detailed Description of the Invention 

The thermof canning mold In accordance with tbe present 
invention has a surface roughness (Ra) of not more than 0.1 
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jLtm, pref6ral>Xy not more than O.OSjXm, and mor© preferably 
not mox-e than 0,06Atin, The plirase, "surface roughness", used 
±n the present invention means a central line average 
roughness. Ha, measured according to JIS B0601 with use of 
5 a microscope for surface measurement, type VF-7500, 
manufactured by KEYENCE CORPORATION. 

The thermof orming mold in accordance with the present 
invention is not limited in its form and its preparation 
method- For example, the thermof orming mold can be easily 
10 prepared by covering a surface of a known thermof orming mold, 
\rtxich known mold is made from a metal or a thermosetting resin 
such as an epoxy resin, with an aluminum sheet having a surface 
roughness of not more than O.lA^m and a thickness of 300 M 
m with the aid of a double bond adhesive tape, wherein the 
15 known mold has a surface rougliness of more than 0.1 Urn, and 
the known mold may be either an existing mold or a newly 
prepared mold* As the aluminum sheet, for example, a 
conventional alumintim sheet , which is usually used for press 
molding of a resin, can be used. 
20 !rhe "crystalline olefin resin" used for producing the 

thermof ormed article in accordance with the present invention 
means a crystalline homopolymer of an olefin r or a crystalline 
copolymer of two or more olefins- The olefin is not limited 
m its kind. Preferred olefins are those having 2 to 10 carbon 
25 atoms. Examples of the olefin resin are a homopolymer of 
ethylene, a hcmiopolyraer of propylene, a homopolymer of 
1-butene, a propylene/ethylene copolymer and a 
propylene/ 1-butene copolymer. Preferred olefin resins are 
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a homopoXymer of propylene and a copolymer of propylene witli 
at least one olefin having 2 to 10 c^bon atoms otHer than 
propylene, such as a propylene /ethylene copolymer and a 
propylene /I -but ene copolymer. Preferred copolymers are a 
5 random copolymer and a block: copolymer. Both of said preferred 
copolymers comprise 60 to 99% by weight of a structure unit 
derived from propylene, which unit is hereinafter referred 
to as "propylene unit" , and 40 to 1% by weight of a structure 
unit derived from an olefin other than propylene, which unit 
10 is hereinafter referred to as * olefin unit' . Of these, a more 
preferred oXef in resin is a propylene homopolymer having an 
mmmm pentad % of preferably not less than 0.95, and more 
preferably not less than 0.97. The above-mentioned block 
copolymer can be produced according to a process described 
15 in, for example, JP-A 61-218606. 

If desired, the above-mentioned crystalline olefin 
resin may be used in combination with a suitable amount of 
various additives usually used in the present field such as 
nucleating agents, antioxidants, ultraviolet ray absorbers 
20 and flame retarding agents. 

A surface roughness <Ra) of the thermoformed article 
in accordance with the present invention is not more than 
3 Mm, preferably not more than 2 Mm, more preferably not more 
than IMm, and most preferably not more than 0.05 Mm. A 
25 thicltness of the thermoformed article is preferably from 50 
to 700 Mm, and more preferably from 50 to 300 Mm, from a 
viewpoint of easiness of cooling of the thermoformed article . 
The thermoformed article in accordance with the present 
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invention Has suclx a small surface xouglmess, namely, a 
superxor surfa.ce smoothness, that it has a superior surface 
glossiness. 

The th©rmof ormed. article in accordance with the present 
5 invention may have one layer or two or more layers . For example , 
when a two layered thermoformea article comprising a 
transparent layer and a printed or colored layer is uj^ed in 
order to produce a la:minated molding article so as to arrange 
said transparent layer as an outmost layer, the obtained 
10 laminated molding article can exhibit not only a superior 
sxirface glossiness but also a print or color having deep 
a-ppeaxance, wherein the printed layer or the colored layer 
in the laminated molding article is protected by the 
transparent layer of the outermost layer. Such a laminated 
15 molding ax-ticle will be explained hereinafter. 

A total haze of the thermof ormed article in accordance 
with the present invention is pireferably not more than 5%, 
and more preferably not more than 4%. An inner haze of the 
thermof ormed article is preferably not more than 3% , and more 
20 preferably not more than 2.5%. The thermof ormed article 
having both the total haze and inner haze within the range 
defined above can give a more superior surface glossiness 
and a deeper appearance to a laminated molding article in 
accordance with the present invention. Additionally, when 
25 the above-mentioned two layered thermof ormed article is used, 
the transparent layer having both the total haze and inner 
haze within the range defined above can give a more superior 
surface glossiness and a print or color having deeper 



^ppeairance to a laminated molding article in accordance witti 
ttia present invention. 

The thermoformed article in accordance with the present 
Invention can be produced by a process comprising , for example , 
the steps oft 

(i) heating and softening the crystalline olefin resin 
to obtain a sheet thereof: and 

(ii) thennof ormlng the sheet with a thermof orming mold 
having a surface roughness (Ra) of not more than Q.lA£m to 
obtain a thermof ormed article having a surface roughness (Ka) 
of not more than 3Mm- 

Tlie above step (i> can be carried out, for example, by 
contacting a molten product of the crystalline olefin resin 
extruded from a T die with a flat surface such a!? a surface 
of a roll or a belt, which has a stirface roughness of not 
more than 2 Mm, and preferably not more than 0,4 Xtm. The non- 
stretched" sheet obtained in the step (i) can be used in the 
next step (il) - 

A temperature of the sheet thermoformed in the above 
step (ii) usually ranges from a temperature lower by 2oX2 than 
a melting point of the crystalline olefin resin to a 
temperature higher by lo'C than the melting point of the 
crystalline olefin resin , preferably from a temperature lower 
by Is'C than said melting point to a temperature higher by 
S'C than said melting point, and more preferably from a 
temperature lower by 15 *C than said melting point to the 
melting point of the crystalline olefin resin. In the step 
( ii ) , it is preferable to cool quickly the sheet of the 
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crystalline olefin resin after its therroof orming. In order 
to cool tUe sheet quickly, it is preferable to keep a 
temperature of the tliermof orming mold from 10 to SO'C, an<3. 
preferably from 20 to 30*0- Further, in order to carry out 
the quick cooling ^ it is preferable to bring the thearmof ormed 
article formed into a desired shape into contact with a fluid 
such as air and water of a low temperature as 10 to 20*C* 

The thermof ozrming can be carried out according to, for 
escaniple, a vacuum molding method, a press molding method, 
a vacuum press molding method or a plug assist molding method. 
Of these, a vacuum press molding method is preferred. 

The laminated molding article according to the present 
invention comprises the above-mentioned thermof ormed 
article and a substrate containing a crystalline olefin resin . 
Here, the 'crystalline olefin resin" used for the substrate 
means the same crystalline olefin resin as that used for the 
production of the thermof ormed article . Preferred resinis used 
for the substrate are those capable of adhering easily to 
the thermof ormed article. More preferred resins are those 
capable of melt ^adhering to the thermof ormed article. From 
a viewpoint of easy adhesion of the thermof ormed article to 
the substrate, it is particularly preferred that the resin 
used for the thermof ormed article is the same as or similar 
to that used for the substrate* 

A laminated molding article in accordance with the 
present invention can be produced by a process comprising, 
for example > the steps: 

(i) heating and softening a cirystalline olefin resin 



to ob-taJ-n a slieel: ^iiereof ; 

thermof ornting tlie shedt with a thermof onning mo la. 
liavlng a suxrface jroughn^ss (Ka) of not moxre tlxan 0.1 Mm to 
obtain a tbermof ormed article liaving a surface zroughness (Ra) 
of not more than 3//m; 

(ill) setting th© thermof ormed article on a cavity side 
of a mol^i; and 

{±v) injecting a molten crystalline olefin resin into 
the mold to obtain a laminated molding article , which contains 
the injected resin as a substrate and the thermof ormed article 
bonded with the substrate. 

m view of the objects of the present invention, the 
thermof ormed article in the step (iii) must be set so that 
its surface liaving a surface roughness (Ra) of not more than 
3 Um becomes a surface of the laminated molding article 
obtained . 

A molding method in the step (iv) may be, for example, 
an injection molding method , an injection compression molding 
method and an injection press molding method* A temperature 
of the resin injected in the step (iv) is usually not lower 
than a melting point thereof , and preferably not lower than 
200X!;^- A temperature of the mold in the step (iv) is usually 
fXOTi 20 to €0*C, and preferably from 30 to 40*C. A surface 
of the mold is preferably even, and a surface roughness (Ra) 
thereof is preferably not more than 0*1 lira, more preferably 
not more than O.O&jMm, and much more preferably not more than 
0,06 Atm. 

rrhe laminated molding article in accordance with the 



present invention , especially the laminated molding article 
comprising (i) a multi-layered thermof ormed article 
containing a decorated isheet such as a colored sheets i 
grained stieet, a metallic sheet and a carbon sheet, and <ii] 
a substrate^ can be used particularly suitably for car parti 
such as a center cluster. 

Examples 

The present invention is illustrated with reference t< 
Examples, which are not to be construed as limiting the scope 
of tlie present invention* Evaluation methods are as follows. 

X. Surface roughness 

A central line average roughness* Ra, was measurec 
according to JIS B0601 using a microscope for surface 
measurement, type VF-7500, manufactured by KEYENCI 
CORPORATION . 

2 • Glossiness 

Visually measured. Glossiness when recognized ±i 
marked with O. when not recognized is marked with X 

3 . Haze 

According to JIS K7105, a total haze and an inner ]iaz« 
were measured « 

4 . Whiteness 

According to JIS 1*0803, a value of '•L X a X b" was 
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measured. 



Example 1 

Using au extruder, a mixture of 100 parts by weight of 
a propylene liomopolymer and 0 . 3 part by weight of a nucleating 
agent was extruded at 210*C through a coat hanger die having 
a lip aperture of 0.4 mm, thereby obtaining a film- like 
product. rChe film- like product was continuously contacted 
with a siirf ace of a steel made specular belt having a surface 
roughness <Ra) of 0.4jLtm, which belt was kept at a temperature 
of 120*0, thereby performing solidification. The solidified 
film- like product was continuously drawn at a speed of 8 
m/min- , thereby obtaining a sheet having a thickness of 0.224 
mm, a total haze of 3.2%, an inner haze of 2,5% and a surface 
roughness (Ra) of 0,03Xim* In the above, as the propylene 
homopolymer, a polymer having a specific viscosity of 1,6 
dl/g, a melt flow rate (MFR) of 6.0 g/10 min. , a melting point 
of 168*0, a 23*C flexural modulus of 1600 MPa «md an mmmra 
pentad % of 0.97, manufactured by Sumitomo Chemical Co. , Ltd- 
was used. As the nucleating agent, sodium 2,2- 
me thy lenebisC 4, 6 -di-t-butylphenyl) phosphate, a trade mark 
of ADK STB NA-21, manufactured by Asahi Denka Kogyo K.K- was 
used, 



The sheet obtained was softened at its surface 
ten^erature of 1531C using an infrared heater. The surface 
temperature is hereinafter referred to as sheet temperature . 
The sheet softened was brought into contact with a surface 
of a box form thermof orming mold, which surface was kept at 




12 



24*C. Irameaiately after the contact, a cold w±na of 15*C wa« 
blown to the sheet. Whereby^ the sheet was thermofonaed intc 
a box form article. Results are as shown In Tables 1 and 2. 
The surface roughness and the glossiness shown in Table 2 
5 are those of the surface of the thermof onne<a article obtained, 
which surface was subjected to contact with the mold. Here, 
the thermof onuing mold used was prepared by covering a surface 
of a thermosetting resin made box with an aluminum sheet 
having a thickness of 300 Um. Said thermof oimcting mold had a 
10 size of 180 mm X 125 nun X 40imii in box form, and a surface 
roughness (Ra) of 0^06Um. 

Kxample 2 

Example 1 was repeated, except that the sheet 
15 t^perature was changed to IVl'C , and no cold wiud was blown, 
thereby obtaining a thermpformed article. The results are 
as shown in Tables 1 and 

BxampXe 3 

20 Example 1 was repeated, except that the sheet 

temperature was changed to 176*C, the surface temperature of 
the thexmof orming mold was changed to 34*C , and no cold wind 
was blown, thereby obtaining a thermof ormed article- The 
results are as shown in Tables 1 and 2-. 

25 

Example 4 

Example 1 was repeated, except that the sheet 
temperature was changed to 157^0, the surface temperature of 
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the thennof oinnlng mold was changed to SO'C , and no cold wind 
was blown ^ theireby obtaining a thermof ormed article^ The 
i-esults are as shown In Tables 1 and 2. 



5 Example 5 

Example 1 was repeated, except that the sheet 
temperature was changed to 172*C, the surface temperature of 
the thennof orming mold was changed "to SO*C , and no cold wind 
was blown, thereby obtaining a thermof ormed article. The 
10 results are as shown in Tables 1 and 2. 

Comparative Example 1 

Example 1 was repeated, except that a thermo£ormi-ng 
mold having a surface roughness (Ra) of 32-OMm was used, 
15 thereby obtaining a thermof ormed article • The results are 
as shown in Tables 1 and 2. 

Comparative Example 2 

Sxample 1 was repeated, except that a thermof oiming 
20 mold having a surface roughness (Ra) of 32-OAtm was used, the 
sheet temperature was changed to 171 *C , the surface 
temperature of the thermof orming mold was changed to 25*0, 
and no cold wind was blown , thereby obtaining a thermof ormed 
article* The results are as shown in Tables 1 and 2- 

25 

Comparative Example 3 

Example 1 was repeated, except that a thermof orming 
mold having a surface roughness (Ra) of 32.0j«.m was used, the 
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slieet temperatura was changed to 176 *C , tne surface 
temperature of the tliermof orming mold was changed to 50*0, 
and no coXd wind was blown, thereby obtaining a the3:mof ormee 
^ticle. The results are as shown in Tables 1 and 2. 

5 

Comparative Example 4 

Example 1 was repeated, except that a thermof orming 
mold having a surface roughness (Ra) of 32.0 um was used, the 
sheet temperature was changed to 157 , the surface 
10 temperature of the thermof orming mold was changed to SS'C , 
and no cold wind was blown, thereby obtaining a thermof ormed 
article. The results are as shown in Tables 1 and 2. 

GOHiparatlve Example 5 

1^ Example 1 was repeated, except that a thermof orming 

mold having a surface roughness (Ra) of 32-OXim was used, the 
sheet temperature was changed to 172 *C , the surface 
temperature of the thermof orming mold was changed to SS'C, 
and no cold wind was blown, thereby obtaining a thermof ormed 

20 article. rPhe results are as shown in Tables 1 and 2. 

Example 6 

The same mixture of the propylene homopolymer and the 
nucleating agent as that used in Example 1 was extruded in 
25 the same manner as in Example i, thereby obtaining a 
transparent sheet having a thickness of 0.12 mm. 

On the other hand, a propylene homopolymer having an 
MPR of 0-5 g/10 min. , a trade mark of Sumitomo Noblen FH1016, 
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manufacture by Sxunltoino Chemical Co. , Ltd. , whxcli was colore< 
bXack, was extruded in a manner similar to tliat of Example 
1, tlierel>y obtaining a black sheet having a thickness of 0.2: 
mm* 

The above transparent sheet and the above black sheet , 
which blaok sheet was coated in advance with an adhesive at 
cshlorinated polypropylene, were bonded with each othei 
through prej^sing for 5 minutes at 100*C under pressure of t 
MPa, thereby obtaining a two layered sheet. The obtained twc 
layered sheet was found to have a whiteness measured at the 
transparent layer side of 8.65, and a surface roughness (Ra) 
measured at the transparent side of 0.04 A^^m, 

In a manner similar to that of Example 1, the above two 
layered sheet was softened through heating at 163*0 , the 
transparent layer side thereof was brought into contact with 
a surface of the thermof orming mold kept at its surface 
temperature of 3(fXl ^ and immediately after the contact ^ a cold 
wind of 15 'C was blown thereto, whereby the sheet was 
thermof ormed into a box form article. As shown in Table 3, 
the thermoformed article was recognized to have glossiness , 
A whiteness of said thermof oirmed article measured on its 
transparent layer side was found to be 7.14, and a surface 
roughness thereof measured on its transparent layer side was 
found to be 0«03^m« 

The black layer side of the thermoformed eucticle was 
closely faced and fixed to a wall surface of an in3ection 
molding mold having a shape almost the same as that of the 
thermoformed article, which wall surface had a surface 
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3?ouglin©ss of 0.06jtim, Thereafter, the mold was closed, anc 
a propylene polymer composition was injected into a space 
formed between the thermof ormed article and the wall surface 
of the mold to obtain a laminated molding article having the 
5 propylene polymer layer, the black sheet and the transparent 
sheet in this order- The above mentioned propylene polymer 
composition was obtained according to Example 1 of JP-A 
11-29690, which had an MFR of 30 g/10 min. and a 23*C flexural 
modulus of 2400 MPa. The molding machine used for the 

10 above-mentioned injection was an injection molding machine, 
a trade mark of FS160S25ASEN, manufactured by Nissei Plastic 
Industrial Co*, I.td. A temperature of the ahove propylene 
polymer composition at the time of injection molding was 220^, 
and a mold temperatvire was 40X1- A surface roughness of the 

15 laminated molding article obtained, glossiness thereof and 
a whiteness thereof are as shown in Table 3, 

Comparative Example 6 

Example 6 was repeated, except that the sheet 
20 temperature of the two layered sheet was changed to 177X), 
and a thermof orraing mold having a surface roughnes^s of 32 . 0 
Aim was used, thereby obtaining a laminated molding article. 
Results are as shown In Table 3* 
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